Abstract: Southern root knot nematode Meloidogyne incognita is the most widespread-species, causing serious yield losses in protected vegetables fields in the West Mediterranean region of Turkey. The knowledge of genetic variation within M. incognita is required for disease management and improvement of resistant varieties by breeding programs. In the present study, the isolates were classified into different groups based on sequence-related amplified polymorphism (SRAP) fingerprints. To our knowledge, this is the first study carried out on the characterization of M. incognita isolates using SRAP. The schematic diagram by tested primers to differentiate of M. incognita isolates was formed in discrimination of nematodes as an effective molecular tool since it is cost effective and easiness. Data presents a genetic variation on root-knot nematode species. These selected SRAP markers can be used to follow genetic structure and differentiation on M. incognita isolates in a certain region.
Introduction
Root-knot nematodes (RKN) are one of the most economically important groups of plant-parasitic nematodes in the world. Meloidogyne containing more than 80 described species attacks a wide host range of plants. Meloidogyne incognita, M. arenaria, M. javanica M. hapla, M. fallax and M. chitwoodi are the most destructive and widespread species (Siddiqi 2000; Karssen & Moens 2006) . Meloidogyne incognita, M. javanica and M. arenaria are also the most important pathogens of which M. incognita is the prevalent root-knot nematode species in protected vegetables growing areas in the West Mediterranean region of Turkey (Devran & Sögüt 2009 ). Rapid and confident identification of root-knot nematodes is highly important for quarantine and appropriate pest management strategies. Furthermore, the knowledge of inter-and intra-specific genetic variation of Meloidogyne species is required for improvement of resistance varieties. Different molecular techniques based on genomic DNA have been employed to evaluate the isolate genetic diversity in rootknot nematode species. The use of restriction fragment length polymorphisms (RFLPs) is more reproducible and effective to determine genetic variations of rootknot nematode species (Curran et al. 1986 ). However, this technique has some disadvantages due to time consuming and laborious. Random amplified polymorphic DNAs (RAPDs) have been used to address variation (Lynch & Milligan 1994; Guirao et al. 1995; ). Although the RAPD is very fast, cheap and easy in comparison with other methods, it has lower reproducibility. Moreover, AFLP, another technique based on digestion and ligation of DNA, are reproducible (Vos et al. 1995) and has been used in a genetic analysis of root knot nematodes (Devran et al. 2008; Semblat et al. 1998; Tzortzakakis et al. 1999; Fargette et al. 2005) . However, this technique requires long time, labour intensive and is expensive. Recently, a new marker system, sequence-related amplified polymorphism (SRAP), has been developed by Li & Quiros (2001) . It is a PCR-based marker system which is simple, efficient, repetitive and co-dominant (Li & Quiros 2001) . SRAP is similar to RAPD, but it is a preferential random amplification of coding regions in genome. SRAP has been applied extensively in genetic diversity analysis (Ferriol et al. 2003 ) and comparative genetics (Lin et al. 2004 ) of different species. This marker system has been used to examine genetic variation in plants (Li and Quiros, 2001; Budak et al. 2004 ) and originally in fungi (Baysal et al. 2009 ). To the best of our knowledge, plant parasitic nematodes have never been genetically characterised using SRAP markers. In this work, SRAP marker was adopted to study the genetic variation in M. incognita isolates collected from different locations in the West Mediterranean of Turkey.
The objectives of the present study were to evaluate (i) the performance of SRAP on nematodes (ii) 536 Z. Devran &Ö. Baysal intra-specific variation of M. incognita isolates from Turkey by SRAP and its correlation to geographical origin.
Material and methods

DNA isolation
Nematode DNA was isolated from ten egg masses with DNAeasy Tissue and Blood Kit (Qiagen, Hilden, Germany) according to manufacturer' instructions. Identification of root-knot nematode populations Twenty populations of M. incognita were collected from protected tomato growing areas in the West Mediterranean region of Turkey (Table 1) . These isolates were previously identified by molecular methods (Devran & Sögüt 2009 ).
SRAP markers SRAP analysis was conducted according to previously reported protocol (Li & Quiros 2001) . In this study, twenty different primer combinations were employed using 4 forward primers and 10 reverse primers combined randomly (Tables 2, 3) . PCR was performed in 25 µL reaction mixture containing 10X PCR Buffer, 0.2 mM dNTP, 0.4 µM of each primer, 2 mM MgCI2, 20 ng of template DNA and 1 Unit Taq DNA Polymerase (Vivantis, Selangor DE, Malaysia). The amplifications were carried out in a DNA Engine PTC-200 Peltier Thermal Cycler (Bio-Rad, Hercules, CA, USA) 
Analysis of data
The SRAP fragments were scored as present (1) or absent (0) and the genetic relationship among isolates was calculated using the similarity coefficient of Nei & Li (1979) . Strong bands were considered. Smeared and weak bands were excluded from the analysis. Dice's coefficient of similarity (Dij) was determined between each pair of isolates. Dice's coefficient has been modified according to SRAP data (Baysal et al. 2009 ). Genetic dissimilarity (GD) was calculated as GD = 1 -Dij. The estimates of similarity between isolates were used for cluster analysis by the unweighted pair group method with arithmetic average (UPGMA) (Sneath & Sokal 1973 ) using the NTSYS package version 2.02 for Windows (Rohlf 1994) . Additional statistics were computed to estimate the grade of polymorphism among isolates studied. Loci and total genetic diversity (h and Ht, respectively; Siegfried, 2000) and Shannon's index (Gryta et al. 2005) were used to summarize the data for molecular markers and their standard deviations. All calculations and analyses were conducted using Popgene version 1.31 (Yeh et al. 1999) .
Results
Twenty SRAP primer combinations were used to evaluate genetic variation in M. incognita isolates. All tested primer combinations yielded in PCR reactions. The amplicons ranging from 80 to 1600 bp were observed. Twenty primers combinations resulted in polymorphic bands for 20 isolates (Tables 2, 3 ). The total number of bands scored per primer combination has ranged from 2 to 17. While the highest number of polymorphic bands was produced by Me5-Em4 SRAP primer combination, the lowest number of polymorphic band was obtained with Me1-Em11 SRAP primer combination (Tables 2,  3 ). PCR products of 20 isolate of M. incognita obtained by Me5-Em4 SRAP primers are shown in Fig. 1 .
Meloidogyne incognita isolates were grouped in separate clusters using SRAP markers, which indicate that these are the different isolates of the same species. The main separation within species occurred between 0.3-0.4 similarity levels. In this case, a genetic diversity was observed. Cluster analysis results also displayed genetic differences. The analyses grouped the M. incognita isolates in 2 major clusters (Fig. 2) . The cluster 1 included isolates between K17 and M10 isolates, while cluster 2 included individuals between M3 and F1. In the within-group on cluster 1 there was the highest similarity among M1-M5 (62%). Another high similarity occurred between G7-A2 (nearly 60%) in cluster 2.
The genetic relationship of SRAP patterns of M. incognita based on the combination of data obtained with the twenty primers is represented in the UPMA dendrogram shown in Fig. 2 . A total of 20 isolates were clustered in the 2 major clusters. The first major cluster was divided into 10 sub-clusters. The first sub-cluster included all M. incognita with genetic similarity (GS) by 32%. The second major cluster divided 8 sub-clusters by 35% GS. The isolates M1-M5 and G7-A2 showed genetic similarity by 60-62%. The similarity percent of each group oscillated between 40 and 60%. The results of the SRAP analysis showed great genetic diversity among the M. incognita isolates.
Discussion
The discriminating power of molecular markers has been ranged as SRAP>SSR>ISSR>RAPD (Budak et al. 2004) . In recent years SRAP has only been used in plant genetic studies (Gülşen et al. 2007; Espósito et al. 2007) . Furthermore, the first effective use of SRAP on genetically discrimination of Fusarium oxysporum f.sp. lycopersici races have also been reported (Baysal et al. 2009 ).
As known the nematode is also a eukaryotic organism and it would be not wrong to assume genetic discrimination using SRAP primers. Furthermore, the significant polymorphisms have also exhibited properties of SRAP fingerprinting as much as AFLP and RAPD to be effective markers for genotyping on nematodes (Carneiro et al. 1998; Semblat et al. 1998; Tzortzakakis et al. 1999; Devran et al. 2008 ). The present study shows the confidence of SRAP in genetic discrimination of intra specific M. incognita isolates. Since 538 Z. Devran &Ö. Baysal the primer combinations render effective diversity intra specific level, efficiently use of SRAP for inter specific discrimination can also be recommended as a codominant molecular marker system (Li & Quiros 2001) . Genetic diversity to be assessed by SRAP primers can effectively supply predictive information on the genetic structure due to designing of SRAP primer from ORF regions (Open Reading Frame) in the genome (Li & Quiros 2001) . The results indicated that SRAP marker seems quite suitable for the molecular characterization. It was proved that SRAP markers were able to examine the genetic diversity. The results identified significant genetic variation within -populations. Therefore, SRAP marker system can also be suggested to evaluate of spontaneously mutated nematode population in problematic fields. Genetic differences can be assumed as mutation on pathogens since they show intra-specific variations in same location.
Conclusion
The results indicate that SRAP marker analysis can successfully be used for the evaluation of genetic variation of the M. incognita. This marker system can be suggested to investigate intra-specific genetic variation. This is a pioneer study that SRAP markers have been used to discriminate of M. incognita isolates. SRAP markers are also recommended to genetic discrimination of root knot nematodes. We believe that these findings can contribute to characterization different Melodoigyne incognita populations in further studies.
